Abstract. The current state of practice for seismic design of basement walls in British Columbia is using the Mononobe-Okabe (M-O) method, which is based on the Peak Ground Acceleration (PGA). Preliminary results from a recent study of the authors show that the designed walls based on the M-O method with the code mandated PGA for Vancouver are too conservative. This conclusion was achieved by designing the basement wall for the earth pressures derived from the M-O method with different fraction of the code PGA, then subjecting the designed walls to ground motions matched to the UHS of Vancouver in a series of dynamic analyses, and monitoring the performance of the walls from results of the analyses. It was found that walls designed for the M-O pressures based on 50-60% PGA in Vancouver result in satisfactory performance in terms of moment, shear capacity, and drift ratio along the height of the wall, when subjected to ground motions with a 2% exceedance rate in 50 years. This conclusion was based on the use of far-fault motions for analysis. The objective of the present study is to check whether such walls would be safe when subjected to near-fault motions of approximately similar intensity.
INTRODUCTION
Ground motions close to a ruptured fault can be significantly different than those observed further away from the seismic source. The near-fault zone is typically assumed to be restricted to within a distance of about 10 km from the ruptured fault. In the near-fault zone, ground motions contain large velocity pulses, typically with periods of T = 2 + seconds, which impart concentrated energy input at the longer periods [1] . Pulse-type motions have been identified as critical in the design of buildings in the near-fault zone and their effect is to increase the long-period portion of the acceleration response spectrum which leads to larger displacements [2] .
The current state of practice for seismic design of basement walls in British Columbia is using the Mononobe-Okabe (M-O) method [3, 4] , which is based on the Peak Ground Acceleration (PGA). In 2005 the National Building Code of Canada (NBCC) changed the seismic hazard level from 10% in 50 years in NBCC 1995 to 2% in 50 years in NBCC 2005, which leads to doubling the PGA in Vancouver from 0.24g to 0.46g [5, 6] . This new hazard level remained the same in NBCC 2010 [7] . The new PGA leads to very large seismic forces that make the resulting structures much more expensive. Since there is a little evidence of any significant damage to basement walls during major earthquakes, the Structural Engineers Association of British Columbia (SEABC) considered that current design procedures must be overly conservative and initiated a task force to review the current design procedures for seismic design of basement walls. The authors have the task to evaluate the current design procedure.
A series of nonlinear two-dimensional dynamic analyses have been conducted to model the seismic behavior of the basement walls designed for various fractions of the NBCC 2010 PGA for Vancouver. Preliminary results in recent studies of the authors indicate that walls designed for M-O pressures based on 50-60% PGA in Vancouver are safe for the ground motions with a 2% exceedance rate in 50 years [8, 9] . These conclusions are based on the use of far-fault motions for analysis. This paper describes an extension of the previous study to evaluate the performance of basement walls subjected to near-fault motions with approximately similar intensities. These motions differ from near-fault motions in having large velocity pulses.
DESCRIPTION OF COMPUTATIONAL MODEL
A basement wall was designed by Structural Engineering Association of British Columbia (SEABC) specifically for this study based on the current state of practice but using the earth pressure derived from the M-O method with 50% of the code mandated PGA for Vancouver. The design PGA for Vancouver in the current code NBCC 2010 is 0.46g which corresponds to the probability of exceedence of 2% in 50 years. Taiebat et al. [8, 9] analyzed the nonlinear seismic response of this basement wall by using the two-dimensional finite difference computer program FLAC 7.00 [10] . In their simulations the response of the soil was modeled by a Mohr-Coulomb elastic-perfectly [8, 9] plastic constitutive model with degraded elastic moduli. The required model parameters were elastic shear modulus, Poisson's ratio, cohesion, friction, and dilation angles of soil. Similar numerical model has been employed in the present study to explore the effect of near fault ground motions on the seismic response of the designed basement wall. The properties used in conjunction with the Mohr-Coulomb model for the two layers of soil shown in Figure 1 are the same as used by Taiebat et al. [8, 9] in their analyses of the same wall under far-fault motions. Predominant period of the system under the damped free vibration conditions was calculated to be T = 0.4 seconds.
SELECTING GROUND MOTIONS
The ground motion database compiled for studying the effects of near-fault ground motions constitutes a representative number of far-fault and near-fault ground motions. Eigth far-fault ground motions, listed in Table 1 , were selected from the Pacific Earthquake Engineering Research Center (PEER) strong ground motion database [11] . The candidate input motions are in the magnitude range of 6.5 to 7.5, within 30 km of the causative fault plane from earthquake sites with average shear wave velocities, Vs30, in the range of 360 and 760 m/s which is consistent with the reference site class in NBCC 2010. Each of the selected motions has two components, fault normal and fault parallel; the component of the motion which has a higher PGA was selected for the analysis and reported in Table 1. A total of nine near-fault records with forward directivity were also chosen from the PEER database and are shown in Table 3 . They cover a range of PGA, PGV, pulse periods, and distances from the fault. Only the effect of forward directivity is considered; the fling step effect is not studied. The records are from earthquakes having moment magnitudes range of 6.5 to 7.5, and were recorded at closest fault distances of 0 to 20 km. The records are again taken from site class C soils. In the case of near-fault motions, for each record, the component of the motion which leads to the higher drift ratio, after conducting the dynamics analyses (next section), is reported in Table 3 as the selected component. The selected far-fault ground motions were spectrally matched to the NBCC 2010 Uniform Hazard Spectra (UHS) of Vancouver, in the period range of 0.02-1.7 seconds using computer program SeismoMatch [12] . The mean acceleration spectrum of these scaled records is shown in Figure 2 early matched to UHS of Vancouver in the period range of 0.02-1.7 seconds to provide a basis for comparison of results from near-fault and far-fault ground motions. The acceleration response spectra of the scaled near-fault ground motions together with the response spectrum defined for NBCC 2010 site class C are illustrated in Figure 2(b) . Figure 3 illustrates the velocity spectra of the far-fault and near-fault and records. This figure shows a great variability in near-fault response spectra especially in the longer periods. The figure demonstrates that near-fault records can impose very larger demands in the longer periods that should be taken into account in the design process. An important observation from the near-fault velocity spectrum is the existence of a predominant peak in most of the near-fault records. The predominant peak of the velocity spectrum is used to estimate the pulse periods in the near-fault records which are reported in Table 4 .
RESULTS OF ANALYSIS AND DISCUSSION
Drift ratio is usually defined as the relative displacement between floor levels divided by story height. The deformation or the relative displacement of the wall at the middle of each basement is calculated as the difference between the displacement of the wall at that level and the displacement of the wall at its base. Drift ratio for each story is calculated as shown in Figure 4 . The resulting drift ratio from this figure is a useful indicator to determine the amount of damage to the wall. In this figure h is the floor height, u floor,top and u floor,bottom are the wall deformations at the floor levels and u wall is the deformation at the mid height of the wall (between two floors). This definition is consistent with the definition of hinge rotation used by Task Committee on Blast Resistance Design [13] . This committee related hinge rotation to structural performance. They specified two performance categories which may apply to basement walls; low and medium response categories. The Low Response Category is defined as 3.5% drift ratio: "localized building/component damage. Building can be used; however repairs are required to restore integrity of structural envelope. Total cost of repairs is moderate". The Medium Response Category is defined as 7% drift ratio: "widespread building/component damage. Building cannot be used until repaired. Total cost of repairs is significant". Tentatively a drift ratio of 3.5% or less is taken as an index of satisfactory performance in this study, consistent with the performance criterion in the previous studies of the authors on this subject [8, 9] .
Calculated drift ratios for the far-fault and near-fault motions are presented in Tables 3 and 4, respectively, and are illustrated in Figure 5 . The orientation of the structure with respect to the fault direction may determine the severity of the ground motion that the structure will experience in the near-fault region of a fault rupture. So regarding to the current selection of the near-fault motions, in some cases the fault-normal component causes the higher drift ratio in the basement wall and in other cases, the fault-parallel component. As mentioned previously, the component of the near-fault motion that causes the more severe deformation is reported in the tables. In both far-fault and near-fault motions, the maximum drift ratio is concentrated at the top story of the basement wall. There is no significant difference between the behavior of the wall excited by far-fault or near-fault motions. In both cases the amount of maximum drift ratio occurs at the top story is around 2.5%, except for the Chi-Chi record NGA 1510, which produced 13% inter-story drift ratio at the top story. This is related to the high PGV of this motion compared with the other near-fault records and the fact that the Chi-Chi record has a peak in its ARS at the fundamental period of the system (0.4 sec) (Figures 2 and 3) . The Northridge record NGA 983 leads to a higher drift (5.5%) compared with the rest of the near-fault records for the same reason. 
CONCLUSIONS
The key conclusions of the study are as follows:
• According to the low fundamental period of the system, 0.4 second, generally there is not any significant difference in the drift ratio profiles along the basement wall due to near-fault and far-fault motions.
• For both near-fault and far-fault motions the highest drift ratio occurs at the top story of the basement wall. This level is taller and less confined than the lower levels.
• A peak in the spectral acceleration and velocity plots at the predominant period of the system, will cause more drift at the top story level of the basement wall.
